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ABSTRACT 


Wireless power transmission (WPT) has attracted a wide variety of subjects 
in various disciplines and has also become a highly active research field due 
to its capacity to facilitate charging systems. Wireless power transmission 
will be compulsory to use soon as this technology enables electrical energy 
to be transmitted from a power source to an electrical load over an air gap 
without connecting wires. Wireless power transmission has been developed 
in the low power (1W to 10W) and high power (LOOW-500W) region. While 
the low power region development focuses on powering medical transplants 
and mobile charging, the higher end of the power spectrum is being 
developed for the electric vehicle (EV) applications. However medium 
power range (10W to 100W) is relatively unexplored due to lack of proper 
applications. The commercial WPT scheme is mainly used for the charging 
of lithium-ion batteries. Sensitive medium power loads like Lithium Polymer 
(LiPo) batteries do not have a wireless modular charging system. This paper 
discusses a proposed scheme for wireless charging of medium-range loads. 
LiPo batteries are used as the targeted charging load. A minimalistic 
approach has been considered while designing the electronics for efficiency 


improvement and a compact, modular scheme. The proposed scheme has 
been developed for drone and robotics applications and the results 
are validated. 
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1. INTRODUCTION 

Wireless technology makes it easy for users to travel wide distances without any hassles. Another 
physical disadvantage of wired technology is that cables can easily be broken, which is not an issue with 
wireless technology [1]. Wireless Power Transfer (WPT) allows power to be transmitted through an air gap 
without the need for load-bearing cables. WPT may provide compatible batteries or computers with power 
from an AC source, without physical connectors or wires. WPT will recharge cell phones and laptops, 
aircraft, bikes, and even transportation equipment. Wireless transmission of the power collected by solar- 
panel arrays in space may even be possible [2, 3]. WPT has been an exciting development to replace wired 
chargers in consumer electronics. Nevertheless, since the late 1890s, there has been around the idea of power 
transmission without wires. Nikola Tesla was able to wirelessly light electrical bulbs using electrodynamic 
induction (aka resonant inductive coupling) in his Colorado Springs Institute [4]. The world is moving 
towards automation. WPT will be an important part of automating electrical and electronic items used in 
current times. Charging chords require human intervention which prevents full automation. Hence to 
automate drone services, vacuum cleaner, robotic equipment a WPT charging module is a requirement [5]. 
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LiPo batteries are sensitive devices that require balanced charging methods. The current WPT technology is 
aimed at charging LioN batteries [6-7]. The chemical electrolyte between their positive and negative 
electrodes is the most important difference between lithium-ion and lithium-polymer batteries. 


2. WIRELESS PHYSICS 

Many electromagnetic effects can wirelessly transfer energy from one point to the next. The 
optimum approach is determined by the ideal distance between the source and device relative to two 
longitudinal scales: (1) the source or device dimension, and (2) the wavelength corresponding to the 
oscillation frequency [8]. Short-range transmission occurs over distances much smaller than the size of the 
source or device, a mid-range transfer occurs over distances greater than the source or device and long-range 
transfer occurs over distances far larger than the wavelength [9]. 

Figure 1 shows a wireless power transfer system with two magnetically coupled coils. The electric 
energy in the transmitter coil is transformed into magnetic energy that is stored in the receiver coil where it is 
converted back to electrical energy [10]. 





Figure 1. Resonant wireless power transfer concept 


Wireless inductive power transfer (WPT) is limited to only a few millimeters of the distance 
between the transmitter and the receiver. With gaps in the range of centimeters, coupling decreases, and with 
it the efficiency of energy transfer decreases [11-12]. 


2.1. System scheme 

The existing model used for wireless power transmission usually is comprised of the transmitter side 
circuit, receiver side circuit, a BMS, and a LioN battery as shown below in Figure 2. The existing model has 
two major drawbacks 1.e sufficient power cannot be transferred due to the absence of a proper amplifying 
component like a MOSFET and also the output contains a lot of unwanted noises which affects the overall 
efficiency of the scheme. The proposed system can be separated into 3 components or subsystems- the 
inverter, the transmitter/ receiver, and finally the battery management system (BMS). These systems are 
interconnected as shown in Figure 3. The components, topologies have been selected for handling medium 
power range load requirements. The source of the inverter stage is direct current (D.C.) for this scheme. It 
can be taken from a 12V, 2A rated switched-mode power supply adapter. 

The D.C source provides input to a full- bridge Class D inverter. It consists of 4 power switches, 
two in each leg. As the frequency of switching is high, MOSFET (Metal Oxide Field Effect Transistor) 
switches have been used for better switching response [13, 14]. The output of the H- Bridge is provided to an 
LC resonant tank circuit, the inductive coil is the transmitter itself. The capacitor value to be set depends on 
the resonant frequency of power transfer [15]. The resonant frequency is the same as the switching frequency 
in this circuit [16].The receiver coil will have a capacitor connected as per the decided frequency of power 
transfer. The next system is the BMS which involves the rectifier stage and necessary protection circuitry- 
the output of which is finally provided to the LiPo battery. A balanced charger is integrated into the BMS 
stage for the safe charging of the battery [17, 18]. 
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Figure 2. Block diagram of the existing scheme 
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Figure 3. Block diagram of the proposed scheme 


2.2. Inverter switching scheme 
The topology used here is a basic H- Bridge inverter. The power switches have been controlled 
using a timer circuit. In a pulse wave, the duty cycle is defined as follows: 


D = [TON / (TON+ TOFF)] (1) 


Where, D=duty cycle, TON=on period of Pulse, TORF=OFF period of the pulse generated. In the 
simulation circuit, we are using a timer circuit that provides a 50% duty cycle pulse wave to the driver IC of 
diagonal power switches of the full bridge. An inverted pulse wave is generated to drive the other two 
switches. A 555 timer circuit has been used for the implementation of the switching scheme and switching 
frequency of 150 kHz is achieved. This switching scheme used is also called block control, where alternate 
switches are blocked in a leg to avoid shoot-through. The output obtained is a square wave having a voltage 
peak equal to the power supply voltage. 


2.3. Gate driving scheme 

TLP250 is a standalone IGBT / Mosfet driver IC. The input side consists of a GaAlA light-emitting 
diode. The output side gets a drive signal from an integrated photodetector. Consequently, the main feature is 
an electric separation between low and high power circuits. The electrical signals are transmitted optically 
through light. Users may use it to operate high voltage switch gate terminals in both configurations, such as 
high side operate and low side drive. It 1s available as a DIP kit with 8 pins. 


2.4. Simulation 

The simulation has been done using Infineon Designer-TINACloud is shown in Figure 4. It is an 
online prototyping platform incorporating the functionalities of analog and digital simulation in an Internet 
application. All the components used in the hardware are made by Infineon, so the use of this program for 
output analysis gave the ICs in the circuit an accurate behavior. The probing method used to measure the 
output across the dummy load is differential probing. The two-channel feed was connected across the load 
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end and the ground was made common. The waveform received is shown in Figure 5. The black waveform is 
of the probe at the positive side of the load while the green waveform is of the second probe. The difference 
waveform is fed to the transmitter coil. The initial distortion is due to capacitance in the circuit. A setting of 
15% has been used for rheostat to obtain the desired frequency of 150 kHz for the simulation. 
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Figure 4. The simulated circuit scheme 
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Figure 5. Voltage (vs.) time waveform at the transmitter side 


2.5. Component selection 
2.5.1. Switching pulse generation 

A 28 pin DSP IC package dsPIC30F2010 is being used to provide the necessary pulses to the H- 
Bridge. It is a high-performance Microchip Digital Signal Transmitter. It has updated Harvard architecture 
and C compiler optimized instruction set architecture using 24-bit wide instructions, 16-bit wide data path, 12 
Kbytes of on-chip Flash program space. This also has 512 bytes of RAM on-chip storage. It can support DC 
to 40 MHz external clock input, and 4 MHz-10 MHz oscillator input with PLL specifications, making it 
suitable for this scheme. The load current requirement on the transmitter side has been set to 1.5-2A and a 
voltage of 12V is being used. Accordingly, the MOSFET switch specification criteria were set. 


2.5.2. Transmitter and receiver coils 

The transmitter coil is expected to handle a current of 1.5 to 2A according to the load requirements 
and system design. Receiver coil has also been selected keeping the same range values, though it is expected 
to carry less current than transmitter due to the losses. The dimension of the square coil is shown in Figure 6 
square coils are used as they are more efficient than circular ones [19]. High switching frequency produces 
higher-order harmonics and acoustic noises along with switching loss at edges [20, 21]. Hence a medium- 
range operating frequency is chosen. Both the coils are rated at 20W power handling capacity. The current 
rating of a device is limited by the heat produced in the dies and the resistance of the leads [22]. 
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Based on discrete parts, electronic architecture offers advantages such as robust construction, 
versatility, and lower overall cost [23]. The larger the coil, the higher the effective distance induced by more 
magnetic fields between the transmitter coil and the receiver coil [24]. Yet bigger coils are bulky for high 
power range and not suitable for low power applications. If the inductance for a greater transfer distance is 
increased, the efficiency will decrease due to a higher loss of parasite resistance and an increase in the 
number of windings. [25]. 





Dp M72+05 
Figure 6. WE-WPCC wireless charging coil 


2.6. Subsystem design 
2.6.1. Timer circuit code used in dsp 

Output Compare PWM mode has been used in the DSP for the generation of switching logic for the 
MOSFETs. OC2CON Special function Register (SFR) has been used to select the operation mode of the 
Output Compare Module. Initially, OC2CON bits are reset. Then steps are followed to configuring it to 
Continuous Pulse Mode. Pulse Width starts time is written on OC2R and stop time on OC2RS compare 
registers. Next, OCM bits of OC2CON register (<2:0>) is set to 101 to configuring it to Continuous Pulse 
Mode. Next the timer is enabled by setting the TON bit of the T3CON register. Timer 3 is used here and the 
PR3 register is used to set the PWM period. PTCON register is used to set the PWM mode. Here it has been 
set to Free Running Mode and the Pre-Scalar value of 1:1 concerning external clock has been selected by 
setting the register value. Complementary Mode along with dead time has been configured using the 
PWMCON| register. PDC1I, PDC2, PDC3 SFRs are used to specify duty cycle values for the PWM module. 
The LS bit of these registers determines whether the PWM edge occurs in the beginning. The program body 
for assigning the SFR values is as given. 


#include<P30F2010.h> 
Pine lide” LCD sh” 


_FOSC (CSW: FSCM OFF & XT PLL8); 
_FWDT (WDT_OFF); 


Int main () 


{ 


PTPER = 100000; 
PTCON = 0x5000; 
PWMCON1 = 0x0001; 


PDC3 = 66; 

PDC2 = 66; 

PDC1 = 100; 

PR3 = 400; 
OC2ON = 0x0000; 
OC2R = 0; 

OCZRS = 220; 
OC2ON = 0x000D; 
T3CON = 0x800; 


end write (); 
data write(“WIRELESS POWER”.0x80.16); 
data write (“TRANSFER”.0xc0O.16); 


while (1); {}} 
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2.6.2. Hardware assembly 

The circuit was initially assembled part wise on a breadboard and tested with the gradual increase in 
switching frequency. The input waveform to the transmitter coil was checked in oscilloscope and further 
design fine-tuning was done. The circuit was then assembled on a general-purpose printed circuit board 
(PCB). The PCB used has a clad of glass fiber with epoxy resin bond which has a higher frequency handling 
capacity. The PCB used is a two-layer, single-sided, with a separate power plane and signal plane. The 
finished circuit was soldered to the transmitter coil and power chords. 

In the assembled system as an input source of power two transformers along with a bridge rectifier 
system has been used as shown in Figure 7(a). It is done so that direct supply from 220V mains can be taken 
for the system but an adapter or a DC source of sufficing rating can also be used to power it up. One 
transformer provides for the main supply to the H-Bridge MOSFETs and other acts as a supplementary 
power source to supply the ICs. The receiver side consists of a bridge rectifier followed by a filter stage and 
ultimately fitted to supply for the charging of a Li-Ion battery. The output of the MOSFET is shown in Figure 
7(b). The square waveform of 150 kHz is produced. Output at the receiver end shown in Figure 8. 





Figure 7. The Transmitter Side Configuration, (a) Hardware system, (b) Output 
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Figure 8. Output at the receiver end 


3. RESULTS 

We are receiving an output voltage of around 9 volts which is being used to charge the LiPo battery 
using the balanced charger module. This is however a prototype model that can be further developed into 
transmitting higher power by fine-tuning the inductive coupling and increasing the number of turns in the 
coil. This charging module can thus be implemented in charging stations for drones and various other 
robotic applications. 
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4. CONCLUSION 

The module we developed was tested with an input voltage of 15V and has a handling capacity of 
50V. The hardware developed is a prototype. Compared to existing models our system can transfer power 
successfully in the medium power range applications. The whole system hardware was assembled 
successfully and tests had been conducted related to the load handling capacity of the system. The scheme 
was proven to work and by the output values obtained. Visual observations made on the prototype assembled. 
The sensitivity of the scheme towards varying air gap length of the wireless coil was also tested 
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